Purpose of Review The link between metabolic syndrome (MetS)/obesity and kidney stone disease (KSD) has gained importance over recent years due to the increasing prevalence and healthcare burden worldwide. This review analyses the literature exploring the link between MetS/obesity and KSD and the impact that obesity has on KSD management. Recent Findings Metabolic syndrome has been shown to increase an individual's risk of developing kidney stone disease, with insulin resistance forming a core component of the pathophysiology. The body habitus of an individual also influences the type of intervention that is most appropriate, with flexible ureteroscopy increasingly being the preferred option in obese patients. Summary It is important for urologists to consider the features of metabolic syndrome to effectively manage episodes of KSD in obese patients. In addition, better quality evidence is required to effectively compare different treatment options in this group of patients.
Introduction
Kidney stone disease (KSD) is a condition resulting from precipitation of urinary solutes to form solid stones within the urinary tract. Whilst it is possible for individuals to form and pass these stones remaining asymptomatic [1] , the majority of stones require costly surgical treatment. KSD prevalence is rising and therefore it is increasing the healthcare burden worldwide [2, 3] .
One of the factors thought to be contributing to the increasing prevalence is the concurrent increase in obesity rates, with previous studies showing a demonstrably increased risk of KSD in obese populations [4] . Obesity, defined as having a body mass index of ≥ 30 kg m −2 , is one of the components of metabolic syndrome (MetS) [5] . This review will aim to look at recent research into the role obesity and MetS has in the development of KSD, and the implications this has for the treatment and management of the disease.
Obesity and Metabolic Syndrome
There will be a projected 11 million more obese adults in the UK by 2030 compared with 2010, attributing to an increase of £2 billion per annum in healthcare costs [6] . Obesity is a feature strongly associated with the diagnosis of MetS, with the majority of individuals with MetS having a BMI of > 30 kg/m 2 [2] [3] [4] [5] [6] [7] [8] [9] . The classification and understanding of MetS have developed over the last few decades. The main theme across various classifications is insulin resistance, which is likely to be a sequela of increasing adiposity. The current definition, described by the NCEP ATP III (National Cholesterol Education Programme Adult Treatment Panel III) criteria [7] , requires three of five components to be present: obesity, hypertriglyceridemia, reduced high-density lipoprotein (HDL), hypertension and hyperglycaemia [7] (see Table 1 ). The current pathogenesis model for MetS hypothesises that a positive caloric balance is the precipitating factor, and restricting calorie intake even in the continuing state of obesity may reverse MetS [10, 11] .
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Nephrolithiasis and Metabolic Syndrome
KSD is a relatively common disorder, with the lifetime prevalence of up to 14%, and this rate is increasing [1, 3, 12, 13] . There are many different compositions of stones, with calcium oxalate and calcium phosphate stones being the most common at around 80% and urate stones forming at approximately 10%. Stones formed from struvite and cystine account for approximately 2% and 1%, respectively, and are understood to have a different pathogenesis from calcium and urate stones [14] .
Obesity
Multiple cohort studies have concluded that individuals who are considered obese are more at risk of developing kidney stones [15, 16] , and in particular increased levels of visceral adiposity have been associated with uric acid nephrolithiasis [17] . The National Health and Nutrition Examination Survey (NHANES) cross-sectional study showed that KSD was more likely in obese individuals (11.2%, 95% CI 10.0-12.3%) in comparison to normal-weight individuals (6.1%, 95% CI 4.8-7.4%, p < 0.001) [18] . Multivariate analysis of the US National Inpatient Sample database showed that obesity significantly increased the likelihood of a previous stone event (OR 1.22, 95% CI 1.20-1.23, p < 0.001) [19] . Notably, obesity appeared to have a stronger impact of the likelihood of women developing KSD (OR 1.35, 95% CI 1.20-1.23, p < 0.001) in comparison to obese males (1.04, 95% CI 1.02-1.06, p < 0.001) [19] .
Not only was obesity linked with an increased risk of developing KSD, but it also influenced the composition of the stones. Whilst calcium oxalate still composed the majority of stones formed, as BMI increases, the proportion of uric acid stones increases. One retrospective analysis reported that uric acid stones formed 23.9% of stones in morbidly obese patients in contrast to 8.9% in the normalweight patients [20] . In addition to obesity, hypertension and diabetes mellitus were positively associated with urate stone formation, with a concurrent decrease in calcium phosphate stone formation [20] .
Insulin Resistance
Insulin resistance is a condition that is characterised by a lack of response to circulating insulin, resulting in the inability of the body to carry out appropriate glucose uptake into the desired target tissues [21] . Both poor glycaemic control and insulin resistance have been shown to increase the odds of an individual developing kidney stones [22] . Individuals with HbA 1 c > 6.5%, as a marker for poor glycaemic control, had higher odds of developing kidney stones (OR 2.82, 95% CI 1.68-3.12). Those with elevated HOMAR-IR, an indicator of insulin resistance, also had increased odds of developing kidney stones (OR 2.11, 95% CI 1.62-2.71) [22] . Kabeya et al. demonstrated that deranged glucose handling was associated with a higher likelihood of stone formation (adjusted OR 1.53, 95% CI 1.08-2.17) [21] . Poor glycaemic control is associated with increased levels of uric acid, calcium and oxalate in the urine with associated reduction in ammonia and citrate excretion and urinary acidification. Combined, these contribute to an increased risk of KSD [23, 24] .
Hypertension
There is conflicting evidence for the correlation of hypertension (HT) and KSD. One study comparing 24-h urinalysis of hypertensive and normotensive individuals demonstrated decreased levels of citrate excretion in hypertensives. Citrate is thought to be protective against stone formation, and therefore a reduction in citrate excretion may lead to higher rates of KSD in people suffering from HT [25] . Kohjimoto et al. also demonstrated that in the Japanese population, HT was a risk factor for nephrolithiasis independent of age, sex and other MetS components [24] .
Whilst the above studies have demonstrated that HT is a risk factor for developing kidney stones, two prospective cohort studies have argued that it may be confounded by other components of MetS such as increased BMI [26, 27] . A potential mechanism by which HT increases an individual's risk of KSD has yet to be described, and this relationship may in fact be bidirectional in nature, with stone formers also developing HT as a consequence of their KSD, although this is debatable [27] .
Dyslipidaemia
Dyslipidaemia, one of the diagnostic criteria for MetS, is also thought to contribute towards the formation of [28, 29] . As with reduced ammonia secretion associated with insulin resistance, this results in acidification of urine which is considered to be a core component of the pathophysiology of uric acid stone formation. However, this process is yet to be demonstrated in humans [28] . Patients with a lower urinary pH associated with low HDL have been observed to have higher levels of uric acid, oxalate and sodium on 24-h urinalysis [30] , which may contribute to their risk of developing KSD. In addition to lipotoxicity, an alternative mechanism is that HDL may be protective against the development of insulin resistance [31] ; hence, reduction in HDL increases risk of insulin resistance and therefore risk of KSD.
Management
The proposed management of kidney stones in the obese patient ranges from patient-led lifestyle modifications to pharmacological management and invasive intervention. Management plans should be tailored to individual patients and may well be influenced by their BMI and the presence of MetS.
Acute Management
Patients with acute renal colic should have appropriate analgesia given in the first instance. Non-steroidal anti-inflammatory drugs are the preferred class of analgesics and are shown to be more effective than opioids for managing renal colic discomfort [32] , with parenteral diclofenac often being cited as the medication of choice [33] . In addition to pain relief, increasing fluid intake is another conservative management option in KSD. A high fluid intake will lead to an increase in urinary production and therefore an increase in hydrostatic pressure proximal to the stone, thereby increasing peristalsis and the likelihood of spontaneous stone passage [34] . Various pharmacological adjuncts such as α-blockers or calcium channel blockers can also be used to try and increase spontaneous passage and potentially to reduce colic episodes [32] . However, with increasing stone sizes, spontaneous passage is unlikely, and therefore other options of management should be considered [32] .
Interventional Management
EAU (European Association of Urology) guidelines suggest active retrieval of stones should be considered in the following circumstances [35] : when the likelihood of spontaneous stone passage is low, the patient is experiencing pain that is resistant to pharmacological management and renal insufficiency or obstruction as a consequence of the stone. Shock wave lithotripsy (SWL), flexible ureteroscopy (fURS) and percutaneous nephrolithotomy (PCNL) are all potential methods of stone management.
SWL uses high-energy acoustic shock waves externally to fragment the stone thus enabling its passage down the urinary tract. Due to the non-invasive nature of this option, it quickly gained favour. SWL is a recommended treatment for stones that are ≤ 20 mm in diameter [35] . However, SWL is contraindicated in pregnancy, bleeding disorders and the presence of an uncontrolled UTI [35] . The major complication associated with SWL includes renal haematoma, steinstrasse, secondary colic and urinary tract infections [36] .
SWL in adults does not require a general anaesthetic and therefore removes the associated increased risk with anaesthesia and increased BMI. However, although SWL is often a preferred first-line treatment, the success rate of this procedure is reduced in obese patients. In a study comparing the outcomes of SWL in morbidly obese patients (BMI ≥ 40 kg/m 2 ) and non-obese patients (BMI < 30 kg/m 2 ), the stone-free rate (SFR) was 82% in non-obese patients compared with 67% in the morbidly obese group, and 32% of the obese group required further procedures compared with only 8% of the nonobese group [37•] . The lower success rate is believed to be due to an increase in skin to stone distance which leads to increased absorption of the shock wave, difficulty in stone localisation and radiolucency of urate stones, and therefore inability to focus the shock wave beam effectively [37•] . In addition to this, an increase in BMI is associated with an increased likelihood of residual stone fragments being present post SWL compared to being stone free post SWL [38] , and this was also demonstrated by Thomas and Cass who detected a SFR of 68% in obese patients [39] . A BMI > 30 kg/m 2 was also associated with an increased risk of renal haematoma [36] , possibly due to inappropriately high energy usage. One hypothesis that may explain the increase in postoperative haematomas is that many of these patients have concurrent HT and increased vascular vulnerability. HT has been shown to increase the risk of haematomas in multiple studies [36, 40] ; however, the literature is not conclusive.
Flexible ureterorenoscopy (FURS) is an alternative firstline treatment for kidney stones under 20 mm [41•, 42] , although for lower pole stones, FURS is considered the preferred treatment option [35, 43, 44] . FURS is a minimally invasive endoscopic procedure that uses lasers to fragment kidney stones found in the urinary tract. Modern complication rates associated with FURS are around 9%, with the most serious complications (Clavien ≥ III) making up < 1% [35] . One study demonstrated reduced re-treatment rates when URS was used in comparison to SWL for renal pelvis stones in obese patients (9.5% vs 36%, p < 0.001). In another study, the 3-month SFR was also significantly better in FURStreated patients (90.4% vs 68%, p < 0.001), with no significant difference in the complication rates between the two groups (FURS 14.2%, SWL 20%; p = 0.211) [45] . The lower SFR observed in patients treated with SWL is likely because the stone fragments may remain after SWL and these often form a nidus for stone re-growth [45] .
A study looking at the impact of BMI on the outcome of FURS treatment showed that there was no significant difference in the outcomes (SFR, complications) of obese patients compared to normal-weight patients [ 41•] . However, in a subanalysis, FURS had poorer SFR in obese patients for stones > 20 mm [46] . However, multiple further studies have found no difference in SFR with URS for normal-weight patients (60.8-70.7%) compared with obese patients (65-79.4%) [47] [48] [49] , even for large stone sizes (> 20 mm) [48] . There was also no significant difference between complication rates for normal-weight patients and obese patients [47, 49] . A systematic review of 131 obese patients across 7 studies evaluating the effectiveness and safety profile of URS demonstrated a SFR of 87.5% and a complication rate of 11.4% [42] . Another systematic review looking at 835 patients over 15 studies demonstrated a SFR of 82.5% after URS in patients with a high BMI, with the SFR being 85.2% for obese patients and 80.4% for morbidly obese patients. This same study calculated a complication rate of 9.3%, with the majority of complications being either grade I or II with no associated mortality [41•] . Therefore, URS can be considered a procedure both efficacious and safe in obese patients.
Finally, standard or minimally invasive percutaneous nephrolithotomy (PCNL) is the treatment of choice for stones > 20 mm in size [35] . Complications include postoperative fever, bleeding, urinary leakage and organ injury [35] , with prophylactic antibiotic therapy perioperatively having been shown to reduce the risk of postoperative fever [35] .
A case-control analysis that matched 97 morbidly obese patients (BMI > 40 kg/m 2 ) with 97 normal-weight patients demonstrating a significant impact of BMI on PCNL outcomes [50] . This study showed that SFR decreased with an increase in BMI and this was associated with a higher risk of re-intervention. Operative time was higher in morbidly obese patients, and these patients were also more likely to experience complications (22% vs 6%, p = 0.004) [50] . However, these findings have been contradicted by multiple other studies. A retrospective study of 114 patients found that BMI was statistically independent when looking at SFR, length of hospital stay and complication rates [51] . Similarly, a multivariate analysis comparing the outcomes of 225 patients stratified into four separate BMI groups (normal, overweight, obese and morbidly obese) showed no significant impact of BMI on SFR, complication rate, hospital stay or intraoperative blood loss [52] . However, it did find a longer procedure time and radiation exposure in obese patients [52] . These findings that BMI only has a limited impact were corroborated by a systematic review and metaanalysis of 7 studies where no significant difference in complication rate, SFR and length of hospital stay was seen, although morbidly obese patients did have a longer operation time [52] . Most current evidence is based on observational studies; therefore, more randomised control trials are required to demonstrate outcomes of PCNL in this group.
Ongoing Management
As discussed above, patients with MetS are at an increased risk of developing kidney stones. It is likely their risk of recurrence is higher, and therefore patient education is important to help them manage their risk of developing stone using conservative measures. Once an episode of nephrolithiasis has been treated and resolved, it is important that steps are taken to help reduce the likelihood of further KSD through mechanisms such as increasing fluid intake to maintain a high 24-h urine output volume. Although no definitive urine output has been demonstrated to reduce the risk of recurrence, 2.5 L is considered to be a reasonable target [53] . In addition, dietary modification is another conservative measure, and depending on stone composition, restriction of dietary oxalate has shown to be effective at reducing recurrence [53] .
Patients with calcium stones and high urinary calcium should be counselled on reducing calcium intake. Those found having calcium stones and a low urinary pH should be advised to increase citrate consumption in the form of fruit and vegetables in an effort to increase their urinary pH and reduce the risk of stone formation [53] . Thiazide diuretics have been shown to reduce calcium excretion in the urine and therefore are a suitable treatment for calcium stone formers as per EAU and American Urological Association (AUA) guidelines [53, 54] . Potassium citrate should be offered to calcium stone formers with a low pH on urinalysis to help raise the pH and prevent calcium oxalate aggregation [53, 54] , and potassium citrate is preferable to sodium citrate as it does n o t i n c r e a s e u r i n a r y c a l c i u m e x c r e t i o n [ 5 3 ] . Pharmacological management is often only indicated when abnormalities in 24-h urinary biochemistry are detected. In the case of urate stone formation, the first-line pharmacological treatment would be to increase urinary pH and alkalinize the urine [53, 54] .
Conclusion
Obesity and metabolic syndrome are demonstrable risk factors for the development of kidney stones. Whilst it is important that MetS is investigated in patients presenting with KSD, it is also necessary to optimise medical and surgical management. Currently, flexible ureteroscopy seems to be the most appropriate intervention for small stones and PCNL for larger stones in the obese population. However, randomised trials are needed to clarify the most appropriate surgical management for these patients.
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